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(54) PROCESS FOR THE PREPARATION OF ISOUREA 
HYDROGEN SULPHATES 



(71) We, GLAXO LABORATORIES 
LIMITED, a British Company, of Greenford, 
Middlesex, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention concerns a process for the 
production of the hydrogen sulphate salts 
of O - alkyl and O - aralkyl isoureas. 

O - Alkyl and O - aralkyl isoureas and 
their salts are important as synthetic reagents 
in that they react with amines to produce 
guanidines and since many guani dines are 
produced and utilized on a large scale it is 
desirable that the manufacture of the isourea 
reagents be as economical as possible. The 
sulphate salts of the above isoureas have been 
used in the past for the preparation of 
guanidines; we have now found that the 
above isoureas can be satisfactorily employed 
in the form of their hydrogen sulphate salts 
as starting materials in this preparation, pro- 
vided appropriate pH adjustment is made. 
We have further found conditions under 
which such hydrogen sulphate salts can be 
prepared from simple starting materials in 
greater yield than either the sulphates or 
hydrogen sulphates previously described. 

According to the present invention we pro- 
vide a process for the preparation of an O- 
alkyl or O - aralkyl isourea hydrogen sul- 
phate whereby cyanamide is reacted with an 
alkanol or an aralkyl alcohol in the presence 
of at least one mole of sulphuric acid rela- 
tive to the cyanamide. 

By including at least one mole of sul- 
phuric add in the reaction medium, it is 
possible to ensure that the hydrogen sul- 
40 phate rather than the sulphate salt of the 
isourea is produced. The proportion of sul- 
phuric acid is preferably less than 5 moles, 
conveniently less than 2.5 moles. The most 
preferred range is 1 to 1.25 moles, for 
example about 1.125 moles. 

The alcohol component is preferably pre- 
sent in the stoichiometric proportion or in 
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excess. Advantageously there arc at least 2 
equivalents of alcohol present, based on the 
cyanamide, and while die maximum propor- 
tion of alcohol is not critical, the most pre- 
ferred range is 2 to 10 equivalents, for 
example about 7. The preferred alcohols arc 
cthanol or, more preferably, methanol, which 
yield O - ethyl and O - methyl isourea 
hydrogen sulphate respectively. 

The reaction may be effected in the pres- 
ence or absence of an inert solvent which 
is miscible with the alcohol reactant, for 
example a cyclic or acyclic ether solvent, 
e.g. diethyl ether, di - isopropyl ether 3 tetra- 
hydrofuran or dioxan; a lower ketone, for 
example acetone, methylethyl ketone or 
cyclohexanone; a nitrile solvent, for example 
acetonitrile or propionitrile; an ester sol- 
vent, for example methyl or methyl acetate; 
a hydrocarbon solvent such as benzene, 
toluene, hexane or heptanes or a halogen- 
ated hydrocarbon solvent such as chloro- 
form, methylene chloride or carbon tetra- 
chloride. It is preferred, however, to carry 
out the reaction in solution in an excess of 
the alcohol reactant, in the absence of an 
added inert solvent. 

The reaction is preferably carried out at 
a relatively low temperature, for example 
-10" to 20°Q preferably 5— 15°C. It will 
be appreciated that the admixture of the sul- 
phuric acid and the alkanol or aralkanol will 
give off a great deal of heat and that cooling 
will be required. The reaction of the cyan- 
amide with the mixture of sulphuric acid and 
the^ alkanol or aralkanol is also exothermic. 
It is preferred, therefore to mix the sulphuric 
acid with a major proportion of the alkanol 
or aralkanol with cooling in the initial stage 
and to cool this mixture prior to reaction 
with the cyanamide. The latter is advan- 
tageously also in solution, either in a pro- 
portion of the alcohol reactant or in an inert 
solvent of the type described above. In order 
to allow heat to be dissipated, it is prefer- 
able to add the solution of sulphuric acid 
in the alcohol, slowly with stirring and, if 
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necessary, cooling, to the cyanamidc solu- 
tion- The latter can advantageously be at 
low temperature, for example 0° — 10° C prior 
to the addition and the temperature is pre- 
5 ferably kept low, for example at —5° to 

4- 5 a C, during the addition stage. The reac- 
tion may then be allowed to proceed to 
completion at a higher temperature e.g. about 

5— 15°C. 

10 It is particularly convenient that the desired 
hydrogen sulphate can be caused to precipi- 
tate in very high yield and in excellent purity, 
simply by addition of a non-polar solvent 
which is miscible with the alcohol reactant. 

15 This uon-polar solvent may be one of those 
set out above as possible inert solvents. The 
best results have been obtained with aliphatic 
ethers, especially diethyl ether, with cyclic 
ether solvents, especially tctrahydrofuran and 

20 with lower alkyl ketones such as acetone and 
meutyl ethyl ketone. The volume of precipi- 
tating solvent required will vary with the 
solubility of the desired hydrogen sulphate in 
the reaction medium. Where an inert sol- 

25 vent is already present, comparatively little 
precipitating solvent will be required. 

However, the desired product may be 
isolated simply by evaporating off the sol- 
vent and although the product may be in a 

30 non-crystalline condition, it can normally be 
used directly in a reaction with an amine to 
give a guanidine after suitable pH adjust- 
ment. 

The formation of guanidines using isourca 

35 hydrogen sulphates may be effected by admix- 
ing the appropriate amine with the hydrogen 
sulphate, the pH of reaction being adjusted 
to about 7 — 9, preferably about 8.5, eg. by 
addition of a base such as an alkali metal 

40 hydroxide or carbonate. The preferred reac- 
tion medium is water. 

The amine used is advantageously 1,17- 
diamino - 9 - azaheptadecane, whereby the 
compound 1,17 - diguanidino - 9 - azahepta- 

45 decane sesquisulphate may be isolated. This 
compound is particularly useful in seed dress- 
ings by virtue of its antifungal activity and 
low solubility in water (5% or less). 

The method according to the invention 

50 produces the hydrogen sulphate salt of the 
desired isourca in high yield. Where other 
salts are required, these can be prepared 
from the hydrogen sulphate by anion 
exchange, for example using anion exchange 

55 resins or metathesis. As indicated above, the 
hydrogen sulphate can be used, in reactions 
where the sulphate is normally required, by 
adjustment of the pH. 

For the better understanding of the inven- 

60 tion the following Examples are given by way 
of illustration only: all temperatures are in 
°C: — 

Example 1 

Concentrated sulphuric acid (0.72 1. 13.5 



mole) was added slowly with stirring and 65 
cooling to methanol (1.5 1.). This mixture was 
then added to a cooled, stirred solution of 
cyanamidc (500 g. 11.9 mole) in methanol 
(1.0 I.). The temperature was kept between 
—5° and +5° (occasionally rising to 10°), 70 
the addition requiring 2.5 hours. The mixture 
was stirred at 10° for a further hour. Ether 
(5 1.) was added with stirring and the cry- 
stalline product collected by filtration and 
washed with 20% methanol/ether (2.5 1.). 75 
After drying in vacuo at 40°, O-methyl- 
isourea hydrogen sulphate was obtained in 
84.5*/. yield (1.733 kg.) m.p. 1 IS — 120°. 

Example 2 

Concentrated sulphuric acid (6.81 ml., 0.128 SO 
mole) was dissolved in methanol (13.62 ml.) 
with stirring at less than 5°. The solution 
was then added carefully to a solution of 
cyanamidc (4.56 g., 0.108 mole) in methanol 
(9 ml.) with stirring and cooling. The mix- 85 
turc was stirred at 10° for 1 hour, the meth- 
anol removed under reduced pressure and the 
solid O-mcthyl isourea hydrogen sulphate 
residue dissolved in water (162 ml). The 
pH was adjusted to 8.5 with 10?/, aqueous 90 
sodium hydroxide (58 ml.) and 1,17-diamino- 
9 - azaheptadecane (10.84 g. 0.04 mole) 
added, the mixture was stirred for 22 hours 
at 42°, cooled, and the pH of the suspension 
adjusted to 2.4 _ by the addition of 32 N 95 
sulphuric acid (16.2 raL). The resulting solu- 
tion was clarified by filtration through kiesei- 
guhr and concentrated to 50 ml. under reduced 
pressure. The suspension was set aside at room 
temperature overnight. The product was fil- 100 
tered off, washed with 40:60 aqueous Indus- 
trial Methylated Spirits (IMS), with IMS 
and dried in vacuo at 40°. It was then 
re washed with water (50 ml.)> aqueous IMS 
and IMS and dried in vacuo at 40° to give 105 
14.55 g. (75.6% theory) of 1,17 - diguan- 
idino - 9 - azaheptadecane sesquisulphate of 
melting range 230—247°. 

Example 3 

Concentrated sulphuric acid (12.9 ml., 0.25 110 
mole) was dissolved in absolute ethanol (60 
ml.) with stirring and cooling. Cyanamide 
(10.5 g., 0.25 moles) in absolute ethanol (40 
ml.) was treated with the acid solution at 
below 5° with stirring. The solution was 115 
stirred for 1 hour at 10°. The ethanol was 
stripped off under reduced pressure to give 
3724 g. of O - ethyl isourca hydrogen sul- 
phate gum which was dissolved in water (405 
ml.). 10% Sodium hydroxide (73 ml.) was 120 
used to adjust the pH to 8.5 and the total 
volume made up to 542 ml. with water. 
1,17 - diamino - 9 - azaheptadecane (27.15 
g., 0.1 mole) was added and the mixture 
stirred at 43° for 22 hours, cooled to room 125 
temperature and the pH adjusted to 2.4 by 
the addition of 3.2 N sulphuric acid (50 ml.). 
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The solution was filtered through kieselguhr, 
concentrated to 140 ml. under reduced pres- 
sure arid left overnight to crystallise. The 
product was collected by filtration, washed 
5 with 40:60 aqueous IMS and IMS, then 
dried in vacuo at 40° to give 44.5 g. (89%) 
of 1,17 - diguanidino - 9 - azaheptadecane 
sesquisulphate of melting range 219—245°. 

Example 4 

10 Effect of a variety of solvents on the precipi- 
tation of O - methylisourea hydrogen sulphate 
from the reaction mixture 
A solution of cyanamide (5.0 g.) in meth- 
anol (10 ml.), concentrated sulphuric acid 

15 (7.2 ml.) in methanol (15 ml.) was added 
with stirring and cooling to maintain the 
temp, between 10 and 15°. The mixture was 
then stirred another hour — the temp, rose to 
25° at one time but was rapidly restored 

20 to 15° by appropriate cooling. Some of the 
product crystallised from the reaction mix- 
ture. Samples of the supernatant liquid were 
withdrawn and treated with a variety of sol- 
vents. The results are shown in the follow- 

25 ing table: 

TABLE 

Tecrahydrofuran + H-4- 

Dioxan 4- 

Isopropyl ether 4- 
30 Ethylacetate + + 

Chloroform 4- 

Dichloromethane + 

Acetone 4-4--h 

Methylethyl ketone H- -r + 
35 Cyclohexanone + 

Acetonitrile + + + 

Code: 

•f—h+ good separation of crystals 

+ 4- Crystals and gum rapidly solidify- 
40 ing 

4- gum. slowly crystallising on scratch- 
ing 



WHAT WE CLAIM IS: — 

1. A process for the preparation of an 

45 O - alky] or O - aralkyl isourca hydrogen 
sulphate wherein cyanamide is reacted with 
an alkanol or an aralkyl alcohol in the pres- 
ence of at least one mole of sulphuric add 
relative to the cyanamide. 

50 2. A process as claimed in claim 1 wherein 
the reaction is effected in the presence of less 
than 5 moles of sulphuric add. 

3. A process as claimed in claim 2 wherein 
the reaction is effected in the presence of less 

55 than 2.5 moles of sulphuric acid. 

4. A process as claimed in claim 3 wherein 
the reaction is effected in the presence of 
from 1 to 1.25 moles of sulphuric acicL 

5. A process as claimed in any of the 
60 preceding claims wherein the alcohol com- 



ponent is present in the stoichiometric pro- 
portion or in excess. 

6. A process as claimed in claim 5 wherein 
at least 2 equivalents, based on the cyan- 
amide, of the alcohol component are ores- 65 
em. r 

7- A process as claimed in claim 6 wherein 
from 2 to 10 equivalents of the alcohol com- 
ponent are present. 

8. A process as claimed in claim 7 wherein 70 
about 7 equivalents of the alcohol component 

are present. 

9. A process as claimed in any of the 
preceding claims wherein the alcohol com- 
ponent is ethanol or methanol. 75 

10. A process as claimed in any of the 
preceding claims wherein the reaction is 
effected in the presence of an inert solvent 
which is misdble with the alcohol reactant. 

11. A process as claimed in claim 10 80 
wherein the solvent comprises a cyclic or 
acyclic ether, a ketone with 3 to 6 carbon 
atoms, a nhrile, an ester, a hydrocarbon or 

a halogenated hydrocarbon. 

12. A process as claimed in claim 11 85 
wherein the solvent comprises diethyl ether, 
di-isopropyl ether, tetrahydrofuran, dioxan, 
acetone, methyl ethyl ketone, cyclohexanone, 
acetonitrile, propionitrilc, methyl or ethyl 
acetate, benzene, toluene, hexane, heptane, 90 
chloroform, methylene chloride or carbon 
tetrachloride. 

13. A process as claimed in any of the pre- 
ceding claims wherein the reaction is effected 

at a temperature of from —10° to 20°C. 95 

14. A process as claimed in claim 13 
wherein the reaction i s effected at a tem- 
perature of from 5 to 15 °C. 

15. A process as claimed in any of the 
preceding claims wherein the sulphuric acid 100 
is first mixed with a major proportion of 

the alkanol or aralkanol with cooling and 
this mixture is cooled prior to reaction with 
the cyanamide. 

16. A process as claimed in any of the ifw 
preceding claims wherein the cyanamide is in 

the form of a solution in a proportion of the 
alcohol reactant or an inert solvent. 

17. A process as claimed in claim 16 
wherein a solution of sulphuric acid in HO 
alcohol is added to the cyanamide solution 
slowly with stirring. 

18. A process as claimed in any of claims 
15 to 17 wherein the admixture of the 
sulphuric acid and alcohol with the cyan- 115 
amide is effected at a low temperature. 

19. A process as claimed in claim 18 
wherein the temperature is from —5° to 
4~ 5 C» 

20. A process as claimed in any of the 120 
preceding claims wherein the desired hydro- 
gen sulphate is precipitated by addition of a 
non-polar solvent which is miscible with the 
alcohol reactant. 

21. A process as claimed in claim 20 125 
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wherein the non-polar solvent comprises an 

alipharic or cyclic ether or an alkyl ketone 

with 3 to 6 carbon atoms. 
22. A process as claimed in claim 21 
5 wherein tne non-polar solvent comprises 

diethyl ether, tetrahydrofnran, acetone or 

methyl ethyl ketone. 
23. A process as claimed in any of the 

preceding claims wherein the hydrogen sul- 
10 phate obtained Is subsequently converted to 

another salt by anion exchange. 

24. A process as claimed in claim 1 sub- 
stantially as herein described. 

25. A process as claimed in claim 1 sub- 
15 stantially as herein described in any of the 

Examples. 

26. O - alkyl and O - aralkyl isourca 
hydrogen sulphates when prepared by a pro- 
cess as claimed in any of die preceding claim. 

20 27. A process as claimed in any of claims 
1 to 25 wherein, for the preparation of 
guanidines, an O - alkyl or O - aralkyl iso- 
urea hydrogen sulphate first prepared is 
subsequently admixed with the appropriate 

25 amine, the pH being adjusted to about 7 to 
9. 

28. A process as claimed in claim 27 
wherein the pH is adjusted to about 8.5 



29. A process as claimed in claim 27 or 
claim 28 wherein the pH is adjusted by addi- 
tion of an alkali metal hydroxide or carbon- 
ate. 

30. A process as claimed in any of claims 
27 to 29 wherein the reaction is effected in 
the presence of water. 

31. A process as claimed in any of claims 
27 to 30 wherein the amine used is 1,17- 
diamino - 9 - azaheptadecane. 

32. A process as claimed in claim 27 sub- 
stantially as herein described. 

33. A process as claimed in claim 27 sub- 
stantially as herein described in Example 2 
or Example 3. 

34. Guanidines when prepared by a process 
as claimed in any of claims 27 to 33. 

35. 1,17 - diguanidino - 9 - azahepta- 
decane sesquisulphate when prepared by a 
process as claimed in claim 31. 



For the Applicants, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Imperial House, 
15 — 19 Kingsway, 
London, W.C.2. 
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